Abstract-
INTRODUCTION
The objective of this paper is to analyse the effect of different input process parameters like pulse on time (Ton), pulse off time (Toff), peak current (Ip) and servo voltage (Sv) of Wire EDM on output response namelysurface roughness using response surface methodology(RSM), in particular the central composite design (CCD). The mathematical models so produced have been analysed and optimized to give the values of process parameters producing the optimal values of the Surface Roughness
II.
LITERATURE REVIEW HoK. H et al. [1] (2004)reviewed the large array of research work done from inception of the EDM process to its development. It suggested on the Wire EDM research work involving optimization of the process parameters , influence of different factors affecting the productivity and machining performance. The paper also showed the adaptive monitor and control of process investigating the possibility of different control strategies to obtain the optimum machining conditions Pa Jagannathan et al. [3] (2012) This paper studied of EN31 used material as a workpiece. It is done in Taguchi L27 orthogonal array (OA) by Design of experiments (DOE) table. In this paper a WEDM process rough machining gives lesser accuracy and finish machining gives fine surface finish, but it reduces the machining speed. Hence the result was obtained by improve the MRR and reduce the Ra as the objective, which was done by Taguchi method.
Noor khan et al. [4] (2013) investigation the parameters of wire electric discharge machining of high strength and low alloy (HSLA) steels has been carried out. HSLA steels provide greater resistance to atmospheric corrosion. The work has been done using Taguchi L9 orthogonal array. Each experiment was conducted under different parameters combinations of pulse on time, pulse off time and peak current. The machining parameter was optimized combination by using the ANOVA for determine the level of the machining parameters on micro-hardness. The study was used as Taguchi technique for minimum number of marks on the surface S.
Sivanaga et al. [5] (2014)
This work deals with the effect of thickness of the job on discharge current, cutting speed, spark gap/over cut, metal removal rate and surface roughness value of high carbon high chromium steel (HCHCr). In this work a die steel cut by wire-electrical discharge machining (WEDM) was used. To obtain a good quality workpiece the machine was experimentally optimized. The mathematical relation developed for estimated thickness of workpiece for an output criterion.
Kumar Jitender and Rupesh [6] (2015) study that multi response optimization technique has been undertaken by using traditional method in finish cut WEDM. In this paper pure titanium used as a work material. The effect of process parameters on response variables i.e. MRR, surface roughness. Two different types of electrodes were used in this work to predict the MRR over a wide range of parameters. Result was obtained using ANOVA. [7] (2016) this paper process capability study was performed for turning operation. Three process input like spindle speed, feed and depth of cut has been chosen for process capability study in plain turning operation by Taguchi's L27 orthogonal array. Process Capability Index was estimated for two machining characteristics frequency of tool vibration and average surface roughness. Single response optimization was affected for these two machining qualities to travel the input settings, which could optimize turning process ability. Optimum limit settings for frequency of tool vibration and average surface roughness were found to be spindle speed: 240 rpm, feed: 0.16 mm/rev, depth of cut 0.2 mm and spindle speed: 240 rpm, feed: 0.16 mm/rev, depth of cut: 0.1 mm. respectively. Kumar Sujeet Chaubey and Kumar Neelesh Jain [8] (2017) paper presents review of the past research work accepted out on manufacturing of micro spur and helical gears highlighting their material, specifications, type of manufacturing processes used, their capabilities and limitations. It exposes most of the past work has attentive on manufacturing of meso and micro spur gear using various micro-manufacturing processes which yield poor quality. The optimization of input parameters of the micro manufacturing processes distressing quality of the meso and micro gears. Based upon these exposures, it also categorizes the commands and possibility for future research in this significant area of micro-manufacturing.
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III.
EXPERIMENT METHODOLOGY 3.1 Machine tool In this research work, SR is Output characteristics. This output characteristic is studied under varying conditions of input process parameters, which are namely pulse on time (Ton), pulse off time (Toff), peak current (Ip)and servo voltage (Sv). The experiments were performed on Electronica Sprintcut 734 CNC Wirecut machine as shown in figure 3.1. Electronica Sprintcut734 provides full freedom to operator in choosing the parameter values with in a wide range. A brass wire of0.25 mm diameter is used as the cutting tool material. Deionized water is used as dielectric, which flush away metal particle from the workpiece.
Fig.3.1: Electronica Sprintcut 734 CNC wire cut machine and its parts
3.2 Material EN 1010 is a low-carbon steel alloy with 0.10% carbon content. It is known for its fairly low strength and low ductility; however, it can be quenched to increase strength. Machineability of EN 1010 carbon steel is measured to be equally good. EN 1010 is commonly used for cold headed fasteners, rivets and bolts, in addition to structural, construction and automotive applications such as fenders, pans, nails and transmission covers . Table 3 .1 gives the chemical composition of the work material.
Table.3.1: Chemical composition of EN 1010
The work material used is in rectangular form of dimensions as given below. .0001 results in a significant model. The lack of fit is a measure of failure of model to represent data in experimental field at which the points are not included in regression differences in model that cannot be accounted for by the random error. If there is the significant lack of fit, as indicated by the low probability value, response predictor is discarded. Lack of fit is non-significant and its value is 2.55.From Table 4 .1 it is found that R² of model is 0.9851, which is very close to 1. It means that98.51 % variation can be explained by the model and only0.02% of the total variation cannot be explained, which is the indication of good accuracy. The predicted R² is in theological concurrence with adjusted R 2 of 0.9071. Figure4.1 shows normal probability plot of residuals for SR. Most of residuals are found around straight line, which means that the errors are normally distributed. Adequate precision compares significant factors to non-significant factors, i.e., signal to noise ratio. According to results obtained from software, ratio greater than 4 is desirable. In this, adequate precision is 15.724 So, signal to noise ratio is significant. By applying multiple regression analysis on experimental data, empirical relation in terms of actual factors obtained as follows, The interaction effect of pulse on time (Ton) and pulse off time (Toff) on surface roughness (SR) is shown in the figure 4.2. From the figure it is observed that as the value of Ton is increased from 110 to 130µs and Toff constant at 30 µs the surface roughness value increased from 2.68 to 2.832 μm. When the value of Toff is increased from 30 to 50 µs and Ton constant at 110 µs the surface roughness value decreased from 2.695 to 2.5475 μm.
Fig.4.2: Interaction effect of Ton and Toff on surface roughness (SR)
The increase in surface roughness due to increase in pulse on time is due to the fact that a high value of Ton causes longer duration of spark to occur which leads to higher discharge energy which enters deep inside the material. This removes large amounts of material from the work piece producing large hollows. Large hollows are clear indicator of large surface roughness. The decrease in surface roughness due to increase in pulse off time is due to the fact that larger value of pulse off time increases the gap between the two successive sparks which results in impingement of lower discharge energy leading to the removal of fine particles of materials from work piece surface, hollows obtained are light. Hence, lower surface roughness is obtained. The interaction effect of pulse on time (Ton) and peak current (Ip) on surface roughness (SR) is shown in the figure 4.3. From the figure it is observed that as the value of Ton is increased from 110 to 130µs and Ip constant at 80A the surface roughness value increased from 2.5475 to 2.90m. When the value of Ip is increased from 80 to 230A and Ton constant at 110 µs the surface roughness value increased from 2.68 to 2.832μm.
The increase in surface roughness due to increase in pulse on time is due to the reason mentioned earlier. The increase in surface roughness due to increase in peak current is due to the fact that a larger value of peak current increases the temperature of discharge channel. The energy obtained at large level of Ip has larger heat energy that enter deep inside the material and larger piece of material are removed, which produces larger hollow on work piece surface. Hence, surface roughness increases. The interaction effect of pulse off time (Toff) and peak current (Ip) on surface roughness (SR) is shown in the figure 4.4. From the figure it is observed that as the value of Toff is increased from 30 to 50µs and Ip constant at 80A the surface roughness value decreased from 2.695 to 2.5475μsm. When the value of Ip is increased from 80 to 230A and Toff constant at 30 µs the surface roughness value increased from 2.68 to 2.832μm. The decreased in surface roughness due to increase in pulse off time is due to the reason mentioned earlier. The increase in surface roughness due to increase in peak current is due to the fact that a larger value of peak current increases the temperature of discharge channel. The energy obtained at large level of Ip has larger heat energy that enter deep inside the material and larger piece of material are removed, which produces larger hollow on work piece surface. Hence, surface roughness increases.
Fig.4.4: Interaction effect of Toff and Ip on surface roughness (SR)
The interaction effect of pulse off time (Toff) and servo voltage (Sv) on surface roughness (SR) is shown in the figure 4.5. From the figure it is observed that as the value of Toff is increased from 30 to 50V and Sv constant at 10V the surface roughness value decreased from 2.695 to 2.5475μm. When the value of Sv is increased from 10 to 50V and Toff constant at 30 µs the surface roughness value decreased from 2.695 to 1.5μm. The decrease in surface roughness due to increase in pulse off time due to the reasons mentioned earlier. The decrease in surface roughness due to increase in servo voltage is due to the reason that a high value of servo voltage increases the gap between two successive sparks. Higher the servo voltage longer is the discharge waiting time which results in lower discharge energy, which produces thin hollow on work piece and hence lower surface roughness is obtained. The interaction effect of pulse on time (Ton) and servo voltage (Sv) on surface roughness (SR) is shown in the figure 4.6. From the figure it is observed that as the value of Ton is increased from 110 to 130 V and Sv constant at 10V the surface roughness value is increased from 2.5495 to 3.0μm. When the value of Sv is increased from 10 to 50V and Ton constant at 110 µs the surface roughness value decreased from 2.695 to 1.5μm. The increase in surface roughness due to increase in pulse on time due to the reasons mentioned earlier. The decrease in surface roughness due to increase in servo voltage is due to the reason that a high value of servo voltage increases the gap between two successive sparks. Higher the servo voltage longer is the discharge waiting time which results in lower discharge energy, which produces thin hollow on work piece and hence lower surface roughness is obtained.
Fig.4.6: Interaction effect of Ton and Sv on surface roughness
The interaction effect of peak current (Ip) and servo voltage (Sv) on surface roughness (SR) is shown in the figure 4.7. From the figure it is observed that as the value of Ip is increased from 80 to 230A and Sv constant at 10V the surface roughness value increased from 2.45 to 3.0 μm. When the value of Sv is increased from 10 to 50V
and Ip constant at 80A the surface roughness value decreased from 2.500 to 1.591 μm. The increase in surface roughness due to increase in peak current and decrease in surface roughness due to increase in servo voltage is due to the reasons mentioned earlier. V. CONCLUSION In this paper the effect of Process Parameters on Surface Roughness is optimized, it is concluded that:
1. Main effect of pulse on time, pulse off time, peak current and servo voltage and interaction effect of pulse on time and pulse off time, pulse on time and peak current, pulse off time and peak current, pulse on time and servo voltage, pulse off time and servo voltage, peak current and servo voltage and second order of pulse on time, pulse off time, peak current and servo voltage found to be important from the ANOVA of surface roughness 2. Surface Roughness (SR) of the machined surface increased with increase in pulse on time because the discharge energy becomes more controlling with increasing pulse on time, whereas with increase in pulse off time and servo voltage surface finish increases. On increasing the value of peak current, surface roughness of the machined surface increases whereas on decreasing the peak current surface roughness decreases. 3. For Output parameter, the predicted values of the response are in close agreement with experimental results.
